Introduction

50
The Australian sheep industry has undergone significant changes within the last decade and 51 witnessed a sustained decrease in the value and scale of wool and a steady rise in production and 52 price of lamb and mutton [1] . Australia was the second largest producer of lamb and mutton in the 53 world from 2010 to 2016 [2] and the maintenance of global competitiveness of Australian meat 54 production ensured the sustainable development of its lamb industry. Pethick, et al. [3] revealed that 55 health enhanced meat was one of the five key attributes of modern meat products in a competitive 56 market.
57
There are new emerging demands from meat consumers for healthy lamb, especially in 58 developed countries [4, 5] . Red meat contains natural long-chain (≥C20) omega-3 polyunsaturated 59 fatty acids (LC n-3 PUFA), the content of which can be manipulated by modifying the composition 60 of livestock feeds [6] . LC n-3 PUFA are well known for human health benefits including anti-61 inflammatory, therapeutic and protective effects on cardiovascular diseases and various cancers [7- 62 10]. However, it is challenging to increase n-3 LC-PUFA content in red meat because of lipolysis and 63 extensive biohydrogenation that occurs in the rumen through microbial activity in ruminants [11, 12] .
64
Furthermore, in some instances, adding oil based PUFA supplements to ruminant rations resulted in 65 reduced animal feed intake, animal performance and carcass muscle mass [13, 14] or a depression of 66 ruminal fermentation [15] . Prohibitively high feed cost is another challenge in the on-farm application 67 of oil based n-3 LC-PUFA supplementation because the cost of nutrition can represent approximately
68
70% of the total cost of lamb production in confined systems [16, 17] .
69
Inspite of these obstacles, recent studies on increasing n-3 LC-PUFA in lamb have shown
70
positive results [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . However, there is still the need to explore other cost-effective and 71 nutritionally viable oil-based PUFA dietary sources for quality prime lamb production and 72 comparing the effect of different PUFA dietary sources on lamb production and meat quality. 
89
An a priori power analysis with repeated measures was conducted using G-Power to justify an 90 appropriate sample and effect size. As depicted in Figure 1 , a minimum total sample size of 36 lambs 91 was sufficient for a large effect size, statistical power of 95% and two-sided significance level of 0.05 92 in an experimental design utilising 6 treatment groups and 7 repeated measurements. Therefore, the 93 use of 72 animals in 6 treatment groups was a statistically robust experimental design. 
199
(kg/head/day), which was significantly higher than that of the control group (1.38 kg/head/day). 
249
The ME content of the basal feed was 9.08 MJ/kg which is lower than the 12.0 MJ/kg proposed 250 for ideal growth rate [36] . Therefore, concentrate supplementation is needed to maximise lamb 251 growth potential. The CP, ME, NDF and EE content of all supplemented pellets were similar, 252 therefore any differences in lamb growth indicators could be attributed to the different oil sources.
253
The CP content (from 14.0% to 17.1%) in both basal feed and supplemented pellets were well above 
261
especially ME, minerals and vitamins which better matched the nutrient requirements for growing 262 lambs and increased the total DM and ME intake. This result was in line with the observations in fat-
263
tailed lambs and goats [37, 38] 
293
Carcass characteristics
294
The lower values associated with carcass characteristics of the control lambs could be due to the 295 unbalanced diet and low ME content. Although lucerne hay fed to the lambs in this trial had high CP 296 content (17.1%), it had a relatively lower ME (9.08 MJ/kg) than the ME of 12 MJ/kg required for 297 optimal lamb growth [36] . All the other supplemented treatments had higher ME of approximately 298 12.2 MJ/kg which is above the ME requirement for growth and also contain a better roughage-
299
concentrate ratio (approximately 50:50). This trend was observed in the study on different hay-to-300 concentrate ratios in which the results showed that hot carcass weight, pre-slaughter weight, dressing 301 percentage, backfat thickness increased when the proportion of concentrates in the ration increased 302 from 30 to 70% [37] . The findings in the present study of no differences in carcass characteristics and
303
OTH among the supplemented treatments agree with the results of Flakemore et al. [19] 
